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LARGE-SCALE REARING 
OF HORN FLIES ON CATTLE 

By L L. Beri^y,^ R* L. Harris/ J. L. Esclile/ and J. A. Miller® 

ABSTRACT 

Improved procedures for rearing horn flies, Haematohia irritans 
(L.), on steers were developed. Adult horn flies were maintained on 
steers and allowed to oviposit directly on the feces from the steers. The 
feces containing the eggs were combined with an artificial larval-rear- 
ing medium, which increased the survival and size of the resulting 
pupae. The various procedures developed during the study resulted in 
an average daily production of 24,800 pupae from, about 6,500 flies on 
each steer. A production of 1 million pupae per week from six steers, 
requiring the labor of two people, seemed feasible. 


INTRODUCTION 

The release of sterile male horn flies, Haema- 
tobia. irritans (L.) , into natural populations may 
help eradicate this pest. A primary requirement 
of eradication by the release of steinle males is 
an adequate supply of vigorous, competitive in- 
sects. Research on the sterilization and relea.se of 
horn flies at the U.S. Livestock Insects Laboi’a- 
tory, Kerrville, Tex., required a facility capable 
of producing about 1 million horn flies per week. 
The purposes of this study were to develop meth- 
ods for rearing such quantities of flies without 
excessive labor and to produce flies that survived 
well in natural environments. 

Hoim flies were successfully maintained on 
cattle in the laboratory by Depner’ and Harris.'’ 
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Hargett and Goulding “ surmised that a host ani- 
mal could .support 10,000 adults and produce at 
least 50,000 new adults daily. Horn flies have 
been reared in laboratory cages without cattle, 
but the handling and feeding of the adults re- 
quires substantial labor. ® Also, the more natural 
environments on cattle may result in more vigor- 
ous and competitive offspring. For these rea- 
sons, this study was performed with adult horn 
flies maintained on steers. 

MATERIALS AND METHODS 

The rearing facility was a metal storage shed 
with a concrete floor and plywood-lined walls 
and ceiling. The building was partitioned into 
a 19- by 12-foot adult-rearing room, housing a 
steer, and two smaller I'ooms for rearing larvae 
and separating pupae from the larval-rearing 
medium. The building was air conditioned to 
maintain temperatures at 70* to 80° F. Light in 


» Hargett, L. T., and Govlding, R, L. 1962. Rearing the 
horn fly, Haematohia irritans <L,). J. Econ. Bntomol, 
66 (4) : 665-B6C. 
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1967, Mass rearing of the horn fly, Haetnatobia irritans 
(Diptera: Muscidae), in the laboratory. Ann, Entomoi, 
Soc. Am, 90 (3): 508-610. 

1988. New techniques for rearing horn fiies at 

Kerrville, 1987. Ann. Entomoi. Soc. Am, 61(4): 1045- 
1046. 
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tilt! iidtilMeai-iri'j room was provided by four 40- 
wati iluoroscent lamps. 

A hi-roioi'd .‘iteer, weigliiiig 1,000 pounds or 
mol V, ’.'. as ii.-ed for about (i week.s before being 
repiated by a fro.sh animal. Tlie steer was held 
In a .siatii liion and .stall on an 8-inch-high plat- 
lArin. d'lit; .staneiiion could be adjusted so that 
most 01 t!u: drop[)ing.s fell clear of the platform 
onto jiia.siic .sheets oi- into containers on the 
ttoor. 'I’iie heiglit of the platform stopped the 
sttic-r frijin .stejiping into the droppings. The plat- 
i(>uii w;i.s .slojied so that urine drained away 
from the tiropping.s, and during the study, k 
continiioii.sly fiu.sJiing urinal was installed to re- 
tnovt. ui ine. The .steer was fed alfalfa hay ad 
lit)inini, mineral supplement, and occasionally 
\’>'lieat bran. W ater was always available. 

1 J.e adtilt horn llie.s were allowed to oviposit 
directly on tin; dropjiing.s. Much of the experi- 
ment.-aion was concerned with the handling of 
t he n- dr. -pping.-i and the immature .stages of horn 
tlic.s witliin them. Pupae were separated from 
the larva! media by agitation in water. The dis- 
persed particle.s of medium tended to sink, and 
tne Tioaihig jmpae were removed. Cleaned pupae 
.vfci 0 V. Ldghed, and the weiglit of a separate 100- 
pujiae .s.smple was u.sed to estimate the mean 
piiiK'd weif^ht and the total number of pupae for 
«;acli d.'iy or foi- eacli larval container. Otlier 
measure.s u.'^ed to indicate the success of experi- 
nientnl treatments included adult population 
count;-:, percent eclosion of })upae, and density of 
!>u|.iae 11 ^ the media. 

^ 1 he research V'Crformed in this .studv can 
ne <hvided into three parts. During the winter 
OI Lt7o-.,i, m-eiiminary experiments were per- 


formed to determine the effects of certain 
environmental factors, to compare various con- 
tainers for collecting feces and rearing larvae, 
and to determine the value of supplementing the 
feces from the steer witli additional fece.s. Tlic 
second paid of the study was concerned witli 
improving the larval media by addition of arti- 
ficial rearing medium to the feces. The tliird 
part of the study was a production test incorpor- 
ating the best procedures determined from 
earlier tests. 

RESULTS 

Preliminary Experiments 
Data Irom these experiments are summarized 
in table 1. During period 1, strong odors and 
ammonia fumes existed in the rearing facility. 
On two occasions, the flies were observed ovi- 
positing in the hair of the steer rather than ou 
the droppings. Installation of a continuously 
flushing urinal reduced the odors, and the ovi- 
position habits of the flies became more normal 
during period 2. The increased production of 
pupae during period 2 was credited to increased 
oviposition and higher adult populations, but 
both factors may have been influenced by tlie 
reduction of odors. The increased i^roduction of 
pujiae during period 2, as compared to period 1, 
seemed to be associated with a reduction of 
pupal weight from 3.44 to 3.04 milligrams. This 
1 elation was tested by performing a regression 
of mean pupal weight versus pupal density of 
each rearing pan for the data collected during 
periods 1 and 2. The regression equation had a 
I-ndercept of 3.808 milligrams, a slope of 
0. milligrams per pupae per gram of feces, 




n /'’-statistic of 37.61 (significant at 
H ) . The decrease in pupal weight at the 
“ population densities indicated that the 
from one steer were inadequate under 
rticular rearing conditions. 

■ing period 3, extra feces from a fly-free 
wore added to the colony steer droppings 
genuine if i)upal weight and production 
be increased Viy reducing the population 
ty of tlie larvae. On 12 different days, 
which were collected overnight or occa- 
lly during the day, were divided into 2 
pt^rts, with the extra feces being added to 
rt, 'J'he differences between mean pupal 
it and mean number of pupae were tested 
puired t-test, with the results in table 2. The 
:l feces resulted in significantly heavier 
e, liuL substantially reduced the numbers of 

e. Observation of the rearing pans indicated 

tile larvae were using only the outer 1- to 
!h. layer of feces, suggesting that the depth 
lt\ be reduced to better utilize the medium, 
aring period 4, several different attempts 
3 made to increase the numbers and size of 
n.e by improving larval-handling procedures. 

variation was the use of trays with wire- 
li bottoms. In some cases, these trays were 
;ed over shallow pans filled with water to 
vent excessive drying of the medium, enei 
, the trays with the wire-cloth bottoms pro- 
cd greater numbers of pupf 
responding reduction in P^^Pal weight lesuit- 
wiUi pans or trays with 
lltioii of extra feces again resulted ^yi 
pae, but a substantial reduction ^ 

•s of pupae. Other comparisons of the siz 
:i of feoe. collections foiled to stov ony 

ostantial improvements in pupal production. 

.BT.E 2.— Pupal production tvitk and mthout 
added feces __ 


-eatment 


Feces No. Pupal 
wt., pupae/ wt.,^ 


Pupal 

density, 



During periods *2, and 1, adult survival 
seemed to be very low. Many of tlie nw. ly 
erged flies could not fly or were unaide lu i tatii 
the steer and feed. During period h 
counts of adult population indicated an avrra^>. 
population of only 1,1)21 flies, despite u diuiy 
release rate of 1,171 pupae. If pereeul of the 
released pupae eclosed, as indicated I'v enier-' 
gence samples, then the average Uie ul loe 
emerged flies was only 2.1 day.«. 

During period 5, the daily producti('U oi I'Ui'ac 
was lO.Oho, sub.stantially higher than in 
periods. Several factors may have conlrdaUed to 
this increased production. Larvae v;ore roared 
in the tray.s with wire-cloth bottoms, y.diini 
seemed to promote better .siirvivid, !is indic.'heil 
by earlier tests. Some of the larval trays weio 
left in tlie room containing the steer nntii sul.- 
stantial number of adults had emerged. 
flies mav have been more vigorous because tr.ey 
were not subjected to the agitation mu flotation 
process as pupae. Adult survival may have tfeea 
further improved by lowering the room ieru].era- 
ture from 80^ to W F and V.y cbmmatmg a 
fogging nozzle used earlier for mamta.nnig 
humidity in the room containing 
the steer was fed more 
duced a larger quantity of feecM foi lai . 

On five different days during period y the 
p™L«on ot exccrfcl 

97 ^14 T'hcsc figures indicated t 

»' '"■f rr, 

bcpcatly incrcaaed if « a 

could be eliminated. One 

crowdnigof low vigor in those 

er moitaht. < ^ ,u- fThe effect of overcrow d- 

that survive ^ ® ^ 

ing on the decrease in pupal 

fiffurc f* which sno 

Su wifi. 

lore production method for sup- 

piSiaHt f«a " 

artificial media , 

Apother maintain the 

production w'as 5 000 flies on the 

adult populations above a . ^,J^rtiallv due to 

poor vigor of ^ewiy enic b 
the larval-rearing condib V. ^ were 

platform used for the ufi » 




Figure 1. — Relation of pupal weight to the population 
density of the pupae. 


discovered to have crevices containing decaying 
liay. The emitted gases may have been harmful 
to the adult flies. 

Improvement of Larval Medium 

Research performed during the winter of 
1971-72 was devoted to improvement of the lar- 
val medium by adding a dry artificial medium. 
During this period the steer was clipped every 
Aveek, which seemed to increase the number of 
adults staying on the steer. A nerv stanchion and 
urinal improved the sanitation of the adult- 
rearing room. Better control of the moisture 
content of the feces was obtained by replacing 
25 percent of the alfalfa hay for the .steer with 
Sudan grass hay. 

The dry artificial rearing medium consisted 
of 264 parts (by weight) ground sugarcane 
pulp, 48 parts whole wheat flour, 36 parts fish- 
meal (60 percent protein), and 6 parts sodium 
bicarbonate. ’ Before use, 1,100 milliliters of 
water and 0.28 milliliters of 6 percent sodium 
hypoclilorite Avere added for each pound of dry 
medium. 

To determine the optimum use of artificial 
medium, feces containing horn-fly eggs AA'ere 
held for 24 hours, and 6-pound lots were mixed 
Avith the dry medium at ratios of 20: 1, 10: 1, 5: 1, 


'Harris, R. L., Frazar, E. D„ and Grossman, P. D. 
1967. Artificial media for rearing larvae of horn flies. 
J. Econ. Entomol. 60 (8) ; 891-892. See also Schmidt et al. 
(1968) .cited in footnote 6. 
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2; 1, and 1: 0, Avith AA^ater being added during mix- 
ing. The resulting media AA'ere held in 12- by 16- 
inch by 6-jncli deep enamel pans foi’ larval de- 
velopment. The manure containing artificial 
medium produced more and significantly heav- 
ier pupae (table 3) . The mean pupal AA'eight was 
greater than in any of the previous tests, and 
OA'er tAA'ice as many pupae Avere produced for 
each gram of feces. 

Taa'o experiments Avere conducted to deter- 
mine the optimum time to hold the feces contain- 
ing horii-fly eggs before mixing them with 
artificial medium. In the first experiment, feces 
Avere collected at 4-hour intervals throughout the 
day and mixed Avith artificial medium 4, 8, 12, 
16*, 20, and 24 hours after collection. The mixture 
consisted of 5 parts feces, 1 part dry medium, 
and 2X-) parts Avater by weight. Tlie mixture was 
held in 12- by 16-inch by 6-inch-deep enamel 
pans for larval deA'elopment. The results of this 
experiment indicate that survival may have been 
reduced by mixing 4 and 8 hours after collection. 
The second experiment compared the production 
of pupae from 24-hour collections Avhen mixed 
Avith the artificial medium at 0, 24, and 48 hours 
after collection. The feces Avere collected at 4- 
hour intervals, beginning at 0800, and held 
separately until all the feces for a 24-hour period 
AA'ere combined and mixed with artificial me- 
dium. The 24-hour holding period resulted in 
the greatest production of pupae. Both the daily 
production and the density of pupae in the feces 
AA'ere greater in this experiment than in previous 
experiments (table 4). Collection of feces at 
short intervals, Avith smaller piles of feces, may 


Table 3 . — Effects of mixing artificial medium 
and feces on the production of horn-fly pupae 


Ratio of 
manure to 
dry medium 

trials^ 

No, 

pupae/ 

trials 

Pupal 

wt.,^ 

mg 

Pupal 
density, 
No./g feces 

1:0 

8 

1,36B 

2.9 

0.60 

2:1 

6 

2,774 

4.0 

1.22 

5:1 

9 

2,913 

3.7 

1,28 

10:1 

6 

2,512 

3.5 

1,11 

20:1 

3 

2,144 

3.5 

.96 


1 Calculations based on 6 pounds of feces for each ti’iah 
" Differences among numbers of pupae were insignifi- 
cant. 

3 Differences among pupal weights were significant 
atP==0,01. 
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’Aitl-M r^—Snnmary of trial produc- 
tion, Jnly-Auyust 1972 
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pllpUil 

iDiUnn 
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If) irltilMutoiii’h uKiK 

Imvc iiu'i'oaHdtl survival tluriiiK t'H* 4’»'‘'y 
of (lovrla|)i>n*»l' 

l’r()clucli(>« Test 

Prorrdiu'OH (lel.urmiiuul iluriiiK ull ciulici 
oxporiiTunils willi Uie ruariiiK <'f 
ateur.swoiHua mil tilled in a producUim tost in July 
fliKlAuKusLof tli'/P. UuC.tru and during the tost, 

1, ()()() i»u|)ao were plared in tlie steer roeiu iliiily, 
allowiiu*' the adult ptipiilivlinn lu 
maintain an e(|uilihriuiii. The liost steer was 
kept (dipped. Cellectien intervals were id hours 
loiiK, IteKinuliiK at lIKdO. OverniKl't eollections 
I'voin Monday through Thursday evenings were 
made on a conveyor, coviired with iilastie li m, 
whiidi moved at d-honr inlervals so that the 
(h'oppinn's did not accninvilnto in deep piles, n 
Fridays, Saturdays, and Sundays, the overiuKht 
c()llet'ti(tns were made mi single stationary ti ays. 
TIu! eolleclml Ics'es and e|4’>?s were hold for ud 
hours and then mixed with I pound of di.y J^iO" 
(Hum and 2.5 itounds or more of water lot' eiKih 
5 pounds of feces, 'rhe inixUire was placed in i--- 
by Kl-inch by ll-inch-deep pans with^ no more 
than 10 pounds in each pan. Observations mace 
clurint?llie test included daily population counts, 
pereentap:© emergence of adults, initial weigi' 
of feces, number of piunie, and weight of pupae. 

The results of the trial production teat are 
suinmarizod in table 5. For 46 days, the avoiage 
daily production of pupae was 24,822. The maxi- 
mum daily production was 47,784, with the avei- 
age pupal weight declining to 8.15 milligram^ 
on that day. On onlv 1 day did productioiv dicil 
below 10,000, and that occurrence was probamy 
clue to improper mixing of the feces ancl ciry 
media. The emergence from pupae 4. 

during the test was 86 percent, inclicatnig ia 

860 emei’ged flies per day had a mean hfe o' 


Variu))le 

Avg. 

Foctis \vt. 

10.6 

Meulium wt 

17.9 

Pupal production No./day 

24,822 

I'upiil wt mg- 

3,652 

Pupal density; 


No,/i»: fcccs 

2.34 

No,/K medium 

1.39 

Adult population 

6>457 

No. pupae/day/ndult 

3.84 


clays, resulting in the average adult population 
of (1,4 57. The data for the feces collected over- 
night on tray.s were compared to those of the 
feces collected on a conveyor, indicating a slight 
procluclion advantage for the conveyor of 25,62o 
to 28,777 pupae per day. 

The oftocts of adding artificial medium to the 
fcccs for larval rearing are shown by compari- 
son of the dash line ancl the solid line in figure 
1. The (lasii line .shows the linear regression 
function of pupal density versus pupal weight 
for the data from the trial production run, and 
the solid line shows the same function computed 
with the data from 1071, when only feces from 
the host steer were used as larval-rearing _m - 
dium. With the mixture of feces and artificial 
medium, the pupae were substantially lieavier 
Id the grater population densities T^lie iinprove- 
inent in pupal weight with the addition of a 
flci«l mocUum .my have been ^ “ 
miWtlon mid to impioved 
(,f gases through the lighter and more poious 
mixture of feces and artificial medium. 

CONCLUSIONS 

Several procedures used for rearing hoin flies 
on cattle are listed below. The benefits of some 
of the procedures are not documented y - 
l«h La, but imy altould be com.de, -ed te 
further work on rearing horn flies. 

1 Good ventilation and sanitatmn were re- 
quired in the rooms ^«”taimng the adults. ^ 
A room temperatuie of ^ 

Heenied suit^vble for the adults. 

3 Alfalfa and grass hay for the steers 1 - 

viL suitable feces for the larvae. Gmn 11 th 
Let depressed larval production, but 



